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«g> Formulation, tor In eftu prepare calcium phoephato mineral*. 

© Calcium prwaphate mineral* »m formed by js- 
ino ohcephoric aaM anu-ce substantially tree ot un- 
cAm'binod *ater In conjunction «H* - calcium 
source, norma'* as any r«„,Wnjrtlcn of carbonaie. 
pnosonate arid hydnrfde. end, « requveri. *.y ad- 
ditional baae to neutrmie t» itoephortc acid. Pro- 
tein may be onttar.aily added. The reeuttino pwd«a 
is <ndi.y loured and than sew to « Lard, stable, 
workable shaped nnject. 
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The components m thwouflhly mixed to orovtdo a 
.ubKtamWly cnrfo«n mwu* at WM MM » ■» 
product may be "heped. followed by sdmdlng o 
torn, a solid mass and hardening t» a final stable 
La Ceromic fibers, prow!,,. end* ^Jj* 
mora •nay to added to thle product .wring madng 
n Jive the final product speed* material prop- 
art! oa, 

DfeSCftlPTIONOFTljESP&gFIC 5MB00tM£NtS 



Melted* and compositions art. pwvlded t tor 
nMdudna bone-Use materials comprising itrac- 
S2t3.*« to the nature occurring , orioun 
X»pha*e Serais, particularly carbonated, luunr 

fom,«d lev ccmofning the reeotarte * P™"V 

substantially urttotm m!>rture ' shap4n ° ? 

eT^M* and towing ft. mixture » crm 
and narden. The reactants » Mtt- 

mc« part a phosphoric acW -nuree, subcUnM!ly 

E : 5 unbound water, an alteUne earth mMA 

p^lcu'arty e*Jum. source, opdonally oryttjne 
partly ^ 

ITW re particularly hydroxy**** cryatala. opton 

X /source of beee ottier than a basm calcium 

impound such as s calcium 

ST, cslclum hydroxide, oxide ar.d/or ce*or»». 

5? a accent such ss water. Tho 
may be pre-prepered ea a storage-siabte mixture 
. Jrt cumbined wtth the U.erid ingredients, under 
condRions wrem substantially uniform .nixing oc 
SrTCe otw evolve. *m mixture la 
so aa to provide for ttna release or any (erg* eo*- 
«ta ol rjes. Alter a short mixing Ume period, we 
mettre attoweo to anneal while remaining aulea- 
2? ".lowed ty an extended period of time of 
rwnJering. 

3y employing the subject procedures, com 
ooswL are obtained which !« • J* «TJ " 
desirable propertee for uso in physical pur- 
Z£^Jj*« comports are Wocompa«b « 
Sna 0 PH -n the ran* of about vs. dually m 
Z range nl about 6-75. They «n bo Prepared, o 
Z\ nev can oe administered al a tomperatu,« in 
SarXoT«ln J ut0-4S < C.uaua 1 ly2(H0 C .and 
ooVSST about normal physiological temperature. 

preps red h eetUr*. with the subjcot invention. 

motive, so far a* neiknffW W-r- 
scdor* with various host r-.nmpu.wnta In ylvc . and 
Sy Implant The -^f.^ n m8 ^ ri ; 
,„utt of syringe or catnewr lne.ct.en, f«IWJ» 
tha ccmpoawon may be uoed as e paste *Woh 
Zeae evouflh a needle in Km range of to- * 
aTui iSSe/ »»*u. 14-16 gauge. Alter, ratively. 



the tompoaWon ie moioelea. bein«} sapable of for- 
mlng a eley-tlka putty whicn may to molded poor 

to gettlny . ... 

Tho suoject wmpudtlona also bond to "ttier 

5 calcium phowhates ***** * a 

ohosphcD surtaca, sucti a, bones and teem whfch 
ors maimy hydruAyapatrte end coilager Toe com- 
^wliion ia able to bond to surface* whioh are wet 
or coated antn hlood. »i'4 «'» «oidc. contornuog with 
, 3 irregtaa' eurfaces, such as crmcaviiiSB and convex- 
itiaa. Tho composition .nay be cpplled as a tuiv 
enueuf »>ss» vrrthout the rornatlnn uf Iragmente or 
Imse partlcias to any etgnificart degree- F ^ 
rroro, the sutjjeot compoaitons are teund to do 
•s 8tr.»;tu.a!ly oompatioie in pruvloHn? tor tfe struc- 
tural functions of die replaced conrective tissue. 

Tw subject composition* may also be usee a* 
a delivery system, since the resorption rwte In vivo 
may be varied by varying the mineralogy cIThe 
jo crystallized oawium phuapneta m'neraia. tn thla 
manner, the SMbjeCt fiomperEons may pruvlde for 
a whte range of ra» of .eleasa of compounds 
having pnyslolrnjlca! p.wort«s Corapnunda of .n- 
tarest may incluoo various f«ctor». scch as son* 
« .Mrphogonie proteina. which may provide die tart; 
plan- sirnl ., 'nductivo potennsi fn a nat.rel allogr«t 
or .utocraf* of bene Aitartrfvoly, venew : *uye 
moy be erpptoyei: in the cempostuon. which may 
serve to prevent infection, etfert biood cons, 8<> 
v tjveto cof«. and t» H like. The compositn-.s may bo 
modified by employing varum natural or aynthew 
iKOtefee. particularly polypapVdae such w colle- 
ger, chttin. fibrin, heparin, etc Ai^nafivery. various 
materia's may be indued wh.ch moy provide lor 
3- x- re y opacity. Fur 9 wmp.o. 10-30% hy v»8. 9 ht o< 
hi JmtticTxide. barium euKefe. barium oareoneten. 
zirconium c*irte rr.ay be inco-porwed ... the eeen- 
P o.s!t!on. For magnetic resonance .ewplnfl. various 
Slemontal isotopes may be employed l tor me com 
« oosition. such » S F. ^, -O. e.«J 11 Co. 

Dy tho matarisis eir-ployed end tre^r proper- 
lions, the conditions, curing formation, hand --mo. 
a ,,d os the final product may be voriao w.oaiy as to 
their pr.yscal p.operboc. me compuamon may oa 
, s niepied at various degrees of fMc«y. •** e. 
ncwablllty or vtsuvsity. by varying the *™nB0t 
hibricerd employed. pertfi*«Hy water, o edw 
hvcroxylic comnnund. e^.. ethylene or n.,!ye*yl- 
S?E£ 3v u*ng less NdUid. or by ^ t»d • - 
so ulner materia*, the norrpusition may bo mad- lees 
tlowadle led more termafcle proveftng a oonets- 
Lev Of modanng clay, so thet the compear Jon 
rray be mrmed Into o desired mnr. 

The mechanical end physical propereee * the 
M llnal pre*.* -nay be varied widely, for example. 
" L bulk ooroaity may n. vurled. 

padico.ar tnr. s vrhlch are u»e<J w the Mmetlon et 
r» product. Also, mtrroetiucture may be ueded. 
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since m shape* and the ofce of ** riystate can 
r*» va-ied vrtth reou«*9 van**.! In the moehamcft! 
arowtto ot prouuot Another p&rairi** of 
inwrast I* Mk permoswirt/. *ir.c 8 die permoablilty 
may be cfcangeU In relation to the pwiiculv ao 
Plication where a permeable or impermeable prod- 
uct mov be oesirwt. Abo. the eurtooo tw may be 
variec. whsre a high surface area ro*y be deelr- 
<*le. tor example. 9«*"» r lOm^/Qnn, to en- 
hcnoe protein bonding, partlotiarty cnwgmJ pro- 

Tho individual coniiwenta in the reactfcn ore- 
paring ttw object compositions will i ww be cone.* 

^ihe phcwjihoik; acid source may b* varied. 
Denuding upon the phonetic acid source, the 
reacts may n* exothermic wdott^rmlc. ur result 
in mManftfly no chanrjA In temperature of the 
mixture, rhe phn*Ptarlc acid source may u» par- 
tially ne.iUaliwd ao that a fraction of the Brrt proton 
* al\ of the fir* proton may have reacted to fnmi 
on asKt salt. A utwaphorlc acid souma, yioater than 
abmii 80% ohocpnonc acM liquid or solid, amor- 
onouc of crystal*.*, should be substantially tm cf 
unnouid water ond may da polyphoaphcrtc acd 
(113% phosphoric nuid aqurvalonte), 100% liquid 
phosphor* acid (prepared by haling pheaphonc 
Lid and phoephoru* p«..toxide>, or 100% onho- 
ohcephotfc add crystal* anhydniua or heml- 
fwutfe, which may be dissolved In the reaction 
matin* tn combination with added welnr W*h tho 
rrystate, the crystals may I* pfe-nvxod **> thft 
other dry ingredient* lor uae with me aquH.ua base 
in preparing the eubjo* proou*. For the partially 
neutralized ocio soumH, calcium phosphate mon- 
obasic («HHi«>»W may ba employed, conve- 
niently a* the monohydrnt«. where the acid wit 
mey also serve a* a eourco of calcium or other 

cation. . iw* 

The calcium aource may be vaned. m lo the 
anion, and may include in wrmie Cf In port car- 
borate. Usually, the rmbonate will be present m at 
taast about 30 forma* pwcont. more usually at loaet 
Blioul 00 formal percent, did generally at Isasi 
aoout 90 <nrmai percent Depending upon the 
iMfce of anion, different effete will bo observed 
ae to the nature ol product Anions winch may 
09 enjoyed include carbonate, oxide, hydroxide, 
chloride, fluoride, plwap*m* wrawWum 
pnc9?hatH. which onions may he incorporeted into 
Ire <ina! oroduct. err. Calcium fluoride is reialvry 
ireoiubie s» it wit! usually not b* used as a acurce 
of fluoride. The c*dee ang hydroxidee may result 
,n exoirerm.aity oeponding upon the ^hosphfito 
eouiue. and in those instance* will be uceO spar- 
inqiy. it* hyrtftiatde produce* wear and *!owe 
seutny as well a* pro^ctiro exulherrr.icKy. Hal.de 
will qoneraUy Ce K*aent in an amount not 10 ex- 



ceerl 0.2 mole of hellde per mole nf uateium. 

Of particular tntereel la the ueo o» celctun* 
phosphate moi^baslc, oorrveni*ntly ws tl)e mon- 
ohydrato aa the phnsrjhorlc acid source. The 5*1- 
8 cium phuephate monobasic m 9 y ue preoered in 
aKu by comoining the pligsphoric ccid source with 
rnautraii?lno calcium source a-9- ortho^ioaphoHc 
hi id and a mbrture 01 efMum carbonate and cal- 
cium hydroxide, or nay be purchased and used 
,o dtwtiy. The acid eaK may thm b* prepachaQec 
with o oalcium n»utra!uing acuroo tor ccmn»r«ng 
with a lubricant and any othar iriQrediunte for pro- 
iluction of the caictum phcopliate mlnaral proouct. 
Vhe phostihovio acid cource may ha any par- 
is ttaliy neutralized phospnor* «dd. partcutarfy up to 
An d Including r.r M nptet6 neutralbatior, cf the Hr&t 
protnn ae in calcium prospriate nvonobMic. t'su. 
airy, tho counterim will bo eak*um. ine partialry 
neutratizHd phoaphorle actd source may be 
20 preprepwod, partciaeify to remove any wAtnr of 
noutral«atton. 

In aelocUnfi tha caicitirn source, particuiarry 
where the caictum source not only sarvws aa a 
source uf calcium, but also m iia neutralising ca- 
v» pacity, It may also *wv9 aa a aourco or pftORphaL*. 
mereiore in providing the • various conbinafione, 
ur>d muat coneidar wnat «:alclum phoophate product 
io dosired, sIik* for the mos: pan, 'ue reauhinp 
product vriii bo dapendem q:un the ratio of calcium 
m and phosphate in the mixture. For *«:*h)te aad 
moneUle. a 1:1 ratio is desh«rf. Tor octacaicium 
phosphate, a 1.331 rabo is doeined. For ir!:;aWuiin 
^nosphate. a 1A1 ratio la desUed. Tor hydrcx^ 
yapatlte, o 1.«/:1 rattcj is deaircd. me partiuuia.- 
^5 mineral win also be eHooted by the (J H. but olnoe 
rhe uH cf the mixtJr« Ml ij«neraHy bo in me ranrjH 
of about b-ft, It la :vund thot the caJclur^ilioaphato 
rarjo la overriding. 

U desired, one rr.av add cmatt amounts of 
<c magnestum. which inhioits ^e fnrmalion of hycrox- 
yapattts and favors the formation of a magnesium 
oearing fonf^ of triesic-um phosphHiw, ceiled whit- 
lockrte. Durably less than abovit 10 mote percent 
of the calcium will bo suboa'tuted cy m^neeium. 
«a WhlUocWte hoc a ?ul)5WnriaBy hinhar rccorpt»on 
rate as comparBd tu hydroxyepatte. usually reeor- 
bln<j over a period of about several months Co a 
year. 

For addition of the nalioes. Huurtto and onto- 
so ride to form liuorepatlte or cWonepatit*. re« P «i> 
Uvety v?riuua wuroeo of fiuonde and ufitonde may 
be empbyod. Normally, the source* will either b« 
eoiuble salts, such ae calcium chloride, »vdk»n or 
cekaum hexafluorosliicate (Na^ or Ca8iF%) or so- 
aa dium Tluohde, or may be added as dtiin tfcfce tn 
the miueoua lubricant, generally less than oocui 1 
M Usually at lea^i about 5. more usually at least 
about 10% of the hydroxy* gmt;os will be replaced, 



EP 0 416 761 At 



ard up w 1C0< V _ ^ ^ cn * e r oectt>.^ tend* 

amount or nygw*. . h m ^ 

dioxide, mart P*"» T d< ctawina 

vanoua oaticra ' ^^a, inn will 

IZT^n^i ***** ■* 
w Jhyaica. properiiee at the ccmpnsUMi. enharc* 



resorption, -ngtogeneeta, ce« **y «d P«» 
?™ ^vneraliaaWn, bone lormatton, e-^rth of 
• SUSS tcl-or oetoooiaats. .r ft. Mo. 

, «U partly Type; "-Jjr" 

SS ot human or m^maJia* (WW £ 
elude proWne eartlarj* each* 

„ 3S*Stt*n» pro*-* rs; 

protein* associated wit* en*™* cuch 

fairly. So cry "■W-"*' «-f " °£ 
un«j Icr subsequent ««nblr>r*cn *». wot 

portions mix«d tnorougt.ly to P^' 39 " * y 

00d ad to ..l,» a^u. baMfer ^.«acHcn. ( 

Th« amount ol ptx«pnonc acic suwiw 
aonJrlwiout 6 1 15 pafia. ..K,ro uoua«y*o~ 
gonorany ^ ^ o h ^ „ Mr A Tb,9 calCHim scarce 

mora than aw ar j ^ 

55*. » 

At a »o*«f number of pwLs. Ql^crairy / w 
wll. ^narally « ^^^woijht 

^^ Q s^.V , • T,,,,,,b,,, " 

^ill generally be to* aboirt i5 to 5«. men, 
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ficm about £0 to 35 weight percent of Hie ontiro 
composition. The mnuunt of water vrhion 18 env 
ployed siiutid be considered In light of ttw amount 
of calcium hydroxide vvhlr;h i* employed, which 
prodiras watw in the neutralisation of :he phos- 
phoric acid. 

vanottf Additional component* may && indud- 
ad curing tne formation or The calcium phosphate 
mineral, W particular iritei*3t are proteins Invoked 
in RkBtelal eUuctuffi. The protein may be arid* J in 
from about OJZ to 2 parts of woteln ea on aqueous 
cisper?lnn or solution. Usually, the protem win b« 
present in from abort l-w wt % uf to aqueous 
dieporaion. The ainjum of water ©ddod as the 
juuifiin dispersion wiM be added in addition lo Ire 
water of the aqueous hass, wlwe the total amount 
or *ater *fR corns within the above limitations. 

Various adcWve? may ha Induued to modify 
the physics' aLucturo. Various water soiucle phyR- 
ioPjgicaUy accoptable materials may be Inducted In 
mine amount. Sugars, such as sucroee, glucose or 
rmciMtt. ;nay be included to enhance porosity. The 
weight of the sugar wlil usually not exceod S wt % 
of the tntal 3ollds. 

The product is formed by combining tho dry 
ingredients, whidi may Includo the phosphoric sow 
Aouce. oither separately or pre-ufced, and the 
aqucoue media, neutialWng agents protein, and 
otn*r additives, as appropriate. Tre mfxtum is thor- 
oughly mixed ovor a relatively anon time, so as to 
thoroughly rfhsiilbute all of tho reaetants. Once «m 
mixture fc uniformly diapers* I. Hie mixture may 
then be knead*:, continuing tho process of reac- 
tion, releasing any gae whicn is fammd. and ahep- 
ing the product <mo an approorloto form, The 
kneading »a over o rolatlveiy snort time, dually rot 
lead mar about 3.5 minute* and not more man 
eftMir 5 minutes, usually not more than about 2 
i-nirwtea. Whoro the product i* to fce introduced in 
giuj . it may be injected Into tho appropriate site 
jong a syringe or cametar, or panknd In by other 
men*, as appropriate. 

Tj w product ia new allowed to *Ht. durino 
wtiich time crystals grow and the product bocomes 
*n integral iwu. While tho product may harden 
aimoot ^mediately, iwudiy ttw maturing proooee 
snotild take at U>est about 10 minutes, usually al 
least about 15 minute*, and not more than about 
30 minutes, usually taut mora then about 2b min- 
utes. Artornetrvoly, where the material ha3 been 
introduced at a aits wlim it is to bo retained, tho 
material will naturally harden over time. 

The subject product* may be uaed for a variety 
n( yufposea, auch as any form of connective tissue 
re-placement, including bone cement an injected 
pt'iarihefc implant, a prosthetic orthopaedic or den- 
tat implant. a$ a ront caiul HMet , a prophytactic 
;n:e?tlc»i in augment wca* osteoporotic hone, cr a 



vehicle tor drug deliver/. The composition may be 
used aa a past©, being applied to a surface fur 
adherence or holding some structure In piece. 
TIih subject compo3ltlone may oe used with 
a other mctorkie to provide for spadffc type* of 
properties. Fur example. fibrous material* may be 
employed, both organic and inorganic, as 
eiivcor. certtfde wtiiKkers. nydroxyspatlto fibers, ma- 
thM\: fibers, or tho Ilk©. See, tor exampla. U.S. 
10 Patent NO. 4,503,157. 

Alternatively, varlouc tiflera may be employed, 
which may change the darwtly of th.e material, add 
additional Ensile strength, provide for enhancfld 
llexibility. or tho like. Where a vwu* structure ie 
to deeired, vartous acitlitlvee may be ".noludad whi^h 
m*y lie Isaclied out, oo ae to provida tor fiuroslty 
ia the mixture, in addition tri &iy poroasty achieved 
with the r«taase of the qoc formed during th* 
reaction to produce tne prodiM. Porosity may also 
20 be achieved hy ihe particular anions and catlona 
ernutoyed, whero aikaH rrwtai *aJts ai» produced 
whion are readily dls*ulved h the medium in whicn 
it Is ailuwed to harden. Thus, by using tialdum 
shlgrido and sodium or [vjiassium hydroxide, the 
2% resulting sail M be water soluble and its dissolu- 
tion will rsSLlt in pathways through the struoturo. 
Similarly, one nay !;iduce va/ioua wsttr soluble 
flbera. paiUclea, or tho like. In tne comprwite struc- 
ture, ^hich nay *\*o be leached out to provide for 
30 porosity. Thus, the method of preparation allow* fur 
varying the characteristics nf the tuial product. 

Tpfl viscosity of the product may be marled 
depending on the appltcatinn. The more basic the 
product thigher Ca/P ratio) the moro the product 
:ih will be hydroxyapatite, while me mcry acidic the 
product, the mnre thw caoduct wiil approacn me 
^operties of bruchite. 8y varying the product cry- 
stal structure, perrjftntage uf acilda, and proeence 
of otr-^r addi^vee, tho vsecoeHy may be detected b> 
4j 5II0W for ease of adminlsrratlon tu ttw 5rte to be 
treated 

Various oonatderattona am asecuialfrd with tne 
physical charauieristica of tho product Horosity 
ir.iy be increasod by increasfno *a ainount cf 

45 lubricant in the pastn. tr^lch oocvpioa space In the 
ilnal pioduct. leeving behind a void cr pore. Gas 
evolution from the paaiw may also creoto voldc in 
me cryxiahlzing product Thua, porosity may be 
controlled by adjusting the amiiuni of lubricant and 

5A gas evolution. Por example, ^ oaWum ccrbonm» 
as a calcium source, porosity may be reduoeo by 
using dilute hydiochtorlo add ae the lubricant, 
where the reaction or the acid with the carbonate 
will result in g«s evolution betoro the paste tNrir- 

&.H ans. Thus, tho COi win be tost hBfor* U^e formation 
01 the product, maulting In lovt poraeity, wtiite thsm 
will be little if any carbonate, to lawuome incor 
poratod into the final uioduct In general, aa poros- 
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r 0 rc«lty will * ™ Skiing gpon 

thH oftar anions P«*jJ * ' ^ ^ 0 r 

C n.agn.h.d*. wn»» *1 IMS „ whh 

^caity. Per example. a^P a of 

co^mwl*. * ' ^ nu.rphologU*. 

«yflUI '«™P)" l0 «£"L 6 ,„ nnysioa l prope't"" «*» 

> S2ZS, SSSi ib.op.Wn-. a. 
t9 cbtrawd by wt» structural pro- 

ferial aoP* ars ^.T* 8 ^4 »ppea>« » «> e 
h.jm abrasion wOatart. bjoot 

ir\dud* at watt . x/<irvir\u degrooc 

mm ^^vd^ S S ^ 

^und too«lh* * Jon* * ^ ^ 
illustration dux* °V y ' 
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W (Q7 tS prooo«s proo-od a, clewed aoov* 
h8Y0 tno m^no M car fc« 
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line. ueramMixo material. 

. x-ray diffraction (XRD) analysis of i\m ma- 
terial whiui. wa$ not placed In mlsr showa it to 
contain ttio Allowing mineral phaaoc: 

1) GalciU3 - CaCOj; 

2) Hydroxy apatite - Ca 6 (POO>{OH\' 

3) Dibasic Sodium Fhoaphate, dlhydrate - 
Ne*HP(V2HaO: 

4) 6ocfium Btcarhonat* - NaHCOj.- 

x-ray diffraction (XRO) analysis nf ilw malarial 
which wea placed In water showa H to contain the 
following mirwal phase*: 

1) Calotte - CaCOg: 

2) H/droyyApante - Ca&{P0*MOH). 



to 
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*e»e mixed and ground leather until thoroughly 
dispenwd, uiiii tho* 1 4.2 g of the collagen slurry 
wa* poured Into the pownWa, followed by the 10.B 
g C f sodium hydroxide solution. The sohniorw wore 
mixed Into the powdora lor annul 1 to 2 min until a 
pasta was tormed. The mixture wae formed Intn the 
desireo shape, and woe then ailowd lo anneel for 
about 20 min, without being disturbed, 



Example 5 



SD prepared with caicJurn phosphate monob asic 



30 w/BioFibreTM 



An alkaline solution wti fxenwed of 5.4 9 of 
s.jdium hydroxide peM in iM * 20 
water. A mwder waa preparo^ * ^.B g of or 
mcpraupnoric wtf cry**. 8.0 g of calcium car- 
borate 1* 9 of calcium hydroxide, sort 5.0 0 ol 
3ioflbr*TM (mlcrocryetaUine rrlicxyapatlto fibers)- 
The portors vera vni«J and ground tc^r uittl *> 
ttvcroucniy ifeperaed. The 19 ml c< xodium hydrox- 
ide aoMion was pourwd Into the mtod powders 
and rw*d Mr about 1 to 2 mm until a pasta wee 
formed. The mixture w*s formed into the dasiren 
shape and was M«n aHowcd to anneal for about 20 * 
min. without being d»eturt>ed 

The products pmpaied *a desenbed above 

na/a ttft following character* tlc*- 

- The mixture anneals to a nard, PW«»£ 

coramic-tika material, which teal* *m«r than *° <° 

materiel produced in fcxamnlH 2. 



Example < 



SB w/Cullagon 
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A slurry was prepared containing 0 6 g cf co, 
tagen lor each 13.8 g of dWMW and heated 
«l 36'C lor 1-3 day*, An alkaline solution was 
prepare ofMflOf sodium hydroxide pelteta n 
5 4 g of diatilied water. A powder was prepay of oc 
ua g of otlhophoapheric aciri crystals, 0.0 g ot 
cakium carbonate, 1.5 g * calcium hydroxide and 
B.u e of hyofoxyepatito crystal nuclei. The powders 



A. caO (5^4 g, Baker U1U-01J and 0.04 
w *2SlFs Aidrlch) were mixed in a Tartar and 
10.0B g n^HsPOih'HiO i»ak*r I42M> 
/•CiPMM ,J J addod and mixnd. To the mixture 
*aa addad 7.79 u 0' dl^O and mixing rnntJu- 
ued Usun the add-on of water, a vigorouc 
reaction occurred wlti- some evolution ot heat 
ano ataam. The mixture was then out Intc a^ 
iMiAjbator ot 37 V 8e% aH. and after 1 ^r 
hydroxyaMtltn l^ao formod as evidenced Dy 

9, Tro atxwe prot:»as waa ropoatod rapiwJn-j 
tno caelum oxide with te»actwiurn phoephoto. 
The reaction fixture rumpriaod 3^3 g CPMM. 
1V04 g leueiiiildum phosphate: 0 90 g ^SIF 6 
and pure hydroxys?** t» w«Ui a amali omount of 
unreacted totmualcium phoaphate after aji ap- 
prnximalely 2 Hr ^cuCa^on. 
C. Following me pucedure of Example A, 8.7 g 
Oa(OH)s waa mixed wnh 0-90 0 NaaSiFs, to- 
igwed by the addition *vt* mWng ot 10.75 ^ 
CPMM and 12.94 g dH^O. A stow kg uhaee was 
nba»rved, but the reaction ftier, proceoded with- 
out an/ obsflrvabb evolution of r.eat 
n Pcl'uwlng the procedure nf Example A. 9.1* g 
CaCOj was mixed wilh 0^0 g NaaSiFc. foimwed 
by the audition wHh niwny of 10.7S 9 CFMM 
and H.$8 g dH a O. A lag phaao waa oD^rv«d 
^ero-A CO^ evoiution occurred. Continued mix- 
ing provided a xneadab^ consletanoy. 
The procuuta croparod a« dGsr.rlbc^ aocvo 
have the following charactertebca; 
. The rniMjw anneaia to a hard. perycryataM ne, 
omeinlcrftke material, whir.h b tougher end more 
viaco-elastic than ne materia; produced In Px^mcle 
2 ( B74 r»cipe) and Example 3 ^lulibre^ recipe). 

The imposition* of the aubject inventon pro- 
vide for a rumbor of de«r*M» oryperties. The 
uompeaWcne will set In u moiat environment, ft. 
example. HKiiva. ao that ;he composltlu^ may bo 
,m*d 'or varlcue purpefwa Ui die r.outh. In addition. 
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tna subject compositions will set up and bond to a 
eueatrate in the presence of a wbetrate of bor* 
aarum. hnne i«W end Wood- ™ 
bo.HJi.ig charactorietlM are mJMevod between the 
underlying o™V wbetrata end the eubjent com- 
positions . In addition, no significant dimensional 
cnencos occur w;-n the product during crystalliza- 
tion ihts. ui» may *> rin *• P"*** 1 wh "J " 
oWa end the final *sm will have .jbcW«i»iiy J» 
Mm* d.mpnalo.*. If somo expansion '* *•»<*• 
omh may uoo a 9»« ««MnB W**™ 90urc6 ' 90 
thai the gas expansion providoc for some ."pen- 
sion ol fto composition. Direct medical appear- 
fcr ie po«ibie McftW of »» injectable MO 
debie quality of the poet* before It crystallizes. 
Comical apposition to Onn« occurtj bw™" " 
tho past* terms In dlroot contact with 'Jke 
mlner^es of connective tissues, direct chemdal 
bcrde tVrrr ***** tho implant the bone. Since 
ihe eufc]*i composltione are wocon-paSbte, bono 
arowe up to IN ""pee* end interdlfiitstes with it 

The time con bo varied hy vwylng the 

wNidnt ot ivbrioant employe. Employing drMrent 
cflltoun scare** oo also have an e<recr onjtmratt. 
of harden^, ee w»H as If . r>aturs of ^ the *nel 
orcouot. me temp-rature of the reect.cn toi lbs 
formation u > the aubjoot ooittpWWun and tempera- 
• lur * at wnioh it may h. introduced in vivo ,* con- 
troliaote oy ties particular oheice ot componenta. By 
va.yi,* tha cho.ee of phr*phorfo eourc. . and o£ 
-jm aowrco. »» reaction may be andJMrme. 
^rottiennlc. or may be enjiueereo to sal ; up « 
rcom temperature ur at body temperature (37 CV 
lr> arjdltiun. tcr convenience, «•» product may oe 
p ovided oc a kit. w*: ihe individual componento 
i» ommrtMaMd at 3.5 MPt R deolred. 
alpgraHed bone chips may bo ptooed In the no- 
tarial to provide the product with bum inductive 
p-op«rtie« after mixing in vlvu . 

U is evident frum thr&ove results, mat the 
subject nwihods ond compcaltiu.is provide a 
urique shematve to other methods tor pnxtang 
hydroxyapatite. In acco-oano* with Ma meWod, 
uSntpoartione car be produced v<h,oh can M 
, w ad to harden in ata , co aa to oa placed m 
potion and fill an? apSnaa. Tha mbduro w-.i then 
harden to a *aped product which may men ba 
modiiied. if deolred, to tit s pmOuuter alia, so that « 
^av 6* machmod. vrark«d. or otrwwiae tcrmwl. 

All puoBcatlone end oawnt appygabona rnon- 
tfcnad in this apecltlcatl^ are Indicative of m ^ 
C f skill uf thC3e altiltod m <na art to wheh this 
•rwentlon pertains AH publteationa and ipatent 
pjicatlcnH are herein incorporated by reference to 
S» same OKterrt as II Mdi Individual pupwatton ur 
pawn applhalion w a3 opocmcally and individually 
Ir/Duatad lo bo incorporate by reference. 

Aitnough dw furefloinfl Unventksr h*« bee.i de- 



scribed in aomo detail by wy of iUustrallon and 
example for purpasds of ctar'rty ot underatanrfin(j. it 
will oe ubvloua that oortain ehanc»« and nnodHloa- 
tlona may be practiced. 



Claims 

V A method for making calcium pneeohate nnm* 
10 poslllona 'including: 

gombinlng an optionally partially neutralised phos- 
phoric arJJ wuree subetarttlaiiy fres of uwomWneo 
«ater. whoroln the partial rwu'/aasatlon being nor 
subetantlaliy nu;.e than neutralisation o* atirai pro- 
„ tor .rf phosphoric add; a calcium source; neutraliz- 
ing anons inciudl.io at least one ot carbonnle. 
pr,3sptiat(» and hydroxide in an amount bufflctent to 
aubatanfialiy nattrallzH said phoephotlc ?r;:d 
source and a physiologically accoptabte lubricant 
je ■ In an amount to provide a kneedabla product and 
agitating the mixture to prwiuoo a auhmanUaiiv 
urltor.ii mixture. 

1 A method accruing to claim 1. wherein a prv 
ton anrirui calcium phosphate rryat«ls are oom- 
M bined in the combining atep. 

3 A rrwrtlwd according to clsdm 1 or claim <2 
^Herein the phosphor* Bdd aouroo la ort«.jm 
ohoepnew monobasic or tho monohyctrHie thereof. 

4 A method ecoording to claim 3. Wheroln the cry 
M ingredients, the p.ruapltcric add source end cal- 
cium source ere premixea prto. lo combining wrth 
♦he othor wet ingredinnia or tha ooiclum sourw and 
water are precombinod prior to combining vr;lh s*0 
pliosohorio ecld sourcf 

.5 5. A method acconilng to any one of ».-» preceding 
' claims, wheroln said calcium source ie present * 
least in part aa ualdum carbonate. 

a niettied according to any una of the preoetf ng 
doime. wherein a source of fluoride or chiurtda la 
m inched in said mixtu,^e to dlspta.* at *aai 10% cf 
the hvdroxyl gmi-ps nf hyuVexyepottto. 
7 a methed (ur making hydrcxyapailte oomeiia.r»g: 
u>,rbinlno calcium pnoagMe monoboeie or h5 
rMnohydram. a nauMWnfl source oom^alna at 
n leaal una of edeium carbonate. «*eli metal hydrov- 
ido. calcium hydroxide or a ecloiurr. pfteapha* >n 
an anruunt to prov.de a substantially neutral prod- 
uct and an aqueous lubricant In an amount to 
provide a kneadablo mixture; 
w agitating the mixture to produce a euoetantleliy 
unirorm mixture; and 

allowing tho mixture to sat and become maturaa m 
a hard wrxkable atruoture. 

ft . A method accorolng lo claim 7, wherein a 
95 source ot ilucnde or onlorlde is included In aaid 
' Se to displace at lea* 10% cf tho hydroxy- 
croupe ot hydmxyapalHe. 

S. A m-thod acccrding to claim a. where* Ca&h,. 
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Nto8if< NaF or CaC», is Included in said mixtu.e 

* rtofcte anion catcfcm -ourca, «MiW ■» » HT 
or Ha w. in art** amount « dtaptt* at to«t 
Tu! or M nvoroxy. firoops of said 

10 , wherein 0.2-2 ©arte ol €01*3™' * «n»b*od 
said combining «tap „ 
, a A cu*im rfflWhflo pt»iw-d aeMrt'J » 

ciatm 7, or icrmed obfcctt mad* of coaWd wim 
Bin*' or both of 
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